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Device and Process for Temperature Regulation 
of Sections of the Interior of an Aircraft 

The invention relates to a device and a process for temperature regulation of sec- 
tions of the interior of an aircraft. The invention particularly relates to a device and a 
process for temperature regulation of an aircraft cabin into which tempered engine 
bleed air is introduced from the power unit of the aircraft. 

In the current state of technology, it is established practice for aircraft cabins to be 
divided up into different sections or zones. The cabin temperature can be regulated 
in the individual zones. In order to heat the aircraft cabin, ventilation air taken from 
a mixing chamber is mixed with hot engine bleed air and then blown into the zone of 
the cabin in question. Regulation of the cabin temperature is controlled by means of 
a central cabin temperature regulator. For this, a pre-specified nominal cabin tem- 
perature is compared with the actual value shown by a cabin temperature sensor. A 
control deviation of the cabin temperature results from the difference between the 
nominal and the actual value. An nominal value for the input air temperature in the 
cabin is determined by the characteristics of the cabin and the control deviation. 
This nominal value for the input air temperature is compared with the value meas- 
ured by a temperature sensor in the input air supply line. A further control deviation 
for the input air temperature is given by the difference. This control deviation is lev- 
elled out by the controlled mixing of hot bleed air by means of a mixer valve. 

The known solution is based upon simple heating up of the air supplied to the sec- 
tions of the cabin, ie. the input air, by mixing in the engine bleed air. This has the 
following disadvantages: 

- A mixer valve must be installed for each cabin zone. 

- A bleed air line to the mixer valve must be installed for each cabin zone. For safety 
reasons, the installation of a hot air leakage monitoring unit is also associated with 
this. 

- For reasons relating to weight, the metal bleed air supply lines must be as short as 
possible and the mixer valves must therefore be installed near to the wing box. The 
result of this is that there is a long input air line to each cabin zone with the corre- 
sponding weight, and the cost of integrating this input air line into the aircraft. 
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- For each of the mixer valves used, a control outlet on the cabin temperature regu- 
lator is required. The number of cabin zones in which the temperature can be regu- 
lated is therefore limited to the maximum number of available control outlets. 

The invention therefore arises from the problem of providing a device and a process 
for regulating temperature in sections of the interior of an aircraft which reduce or 
eradicate these disadvantages. 

The solution to this problem in accordance with the invention consists of a device for 
regulating the temperature of sections of the interior of an aircraft with a controlled 
mixer valve for the mixing of engine bleed air and with air which is cooler than the 
engine bleed air, in order to obtain pre-tempered mixing air flowing out of the mixer 
valve; a distributor line on the mixer valve outlet which is connected to the sections 
in question by means of at least two supply lines; separate heating units for each 
section; sensors for each section to measure the respective actual temperature and 
transmitters for the respective nominal temperatures; a regulator device which con- 
trols the mixer valve dependent upon the respective nominal temperatures and the 
respective actual temperatures for the individual sections, so that the pre-tempered 
mixed air is at a temperature which essentially corresponds to the lowest nominal 
temperature for all the sections and which controls the heating units for the other 
sections to correspond to the differences between the respective nominal tempera- 
tures and the respective actual temperatures. 

The invention is therefore based upon the combined heating up of the input air for 
the sections of the cabin with the help of engine bleed air and additional heating 
units. The heating unit for the section with the lowest nominal temperature will 
therefore not be activated because the air heated with the help of engine bleed air 
will be brought to the lowest nominal temperature for all of the sections. 

Utilizing of the invention provides the following advantages: 

The required number of bleed air mixer valves is reduced. 

The required number and length of the bleed air lines is reduced. 

By reducing long input air lines and heavy bleed air lines and mixer valves, there is a 
reduction in weight. 

The number of cabin zones is not limited to the number of mixer valve control outlets 
available on the cabin temperature regulator. 

Additional cabin zones are more easily integrated with this cabin zone structure. 
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There is greater flexibility for the integration of customer requirements into the air- 
craft. 

Overall, the invention offers great advantages for the integration of additional cabin, 
temperature zones. 

In a preferred version of the invention, the heating units are positioned in the supply 
lines between the distributor line and the respective sections, preferably close to en- 
trances to the respective sections. It is also possible, however, to position the heat- 
ing units inside the section in question, preferably close to the supply lines. 

Moreover, the heating units are preferably made up of electrical heating elements. 

The sensors for the respective actual temperatures in the individual sections and/or 
in the supply lines are positioned down-current from the heating units. In addition, a 
sensor for the actual temperature there can be provided down-current of the mixer 
valve. 

The air which is cooler than the engine bleed air supplied to the mixer valve prefera- 
bly comes from a mixing chamber. When controlling the heating units, the regulator 
unit preferably takes into account the nominal temperatures, the actual temperatures 
and a characteristic of each section. 

The transmitters, the sensors and/or the heating units can either be coupled with the 
adjuster unit by means of one or more data buses, or the regulator unit has at least 
one central section temperature regulator and a decentralised heat regulator for each 
heating unit, whereby, in this case, the transmitters and the sensors are connected 
respectively with the central or decentralised regulator. 

Finally, the invention relates to a method for regulating the temperature in sections 
of the interior of an aircraft with the following steps: 

- Sensing of the respective actual temperatures and the respective nominal tempera- 
tures in the individual sections; 

- Mixing of the engine bleed air and air that is cooler than the engine bleed air in 
order to obtain pre-tempered mixed air of a temperature which essentially corre- 
sponds to the lowest of the nominal temperatures sensed; 
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- Distribution of the pre-tempered mixed air to all sections; and 

- Post-tempering of the mixed air distributed to the sections with high nominal tem- 
perature corresponding to the differences between the respective nominal tempera- 
tures and the respective actual temperatures. 

The respective section characteristics can thus be taken into consideration with post- 
tempering alongside the nominal temperatures and the actual temperatures. 

In the figure, two versions of the invention are illustrated schematically in wiring dia- 
grams. 

Fig. 1 schematically shows a first version of the invention in a wiring diagram. 

Fig. 2 schematically shows a part of the second version of the invention in a wiring 
diagram. 

The device in accordance with the invention illustrated in Fig.l serves to regulate the 
temperature of sections Zone 1, Zone 2, ... Zone n (shown by hatches) of the interior 
of an aircraft. This device has a controlled mixer valve MV for the mixing of engine 
bleed air and air which is cooler than the engine bleed air which comes from a mixing 
chamber (not illustrated any further). At the outlet of the mixer valve MV pre- 
tempered mixed air ML flows out. A distribution line DL is connected to the outlet of 
the mixer valve MV which is connected by at least two supply lines LI, L2, Ln to the 
respective sections Zone 1, Zone 2, ... Zone n. In the supply lines LI, L2, Ln close to 
entrances to the respective sections Zone 1, Zone 2, ... Zone n, individual electric 
heating units HI, H2, Hn assigned to the respective sections Zone 1, Zone 2, ... Zone 
n are positioned. In the individual sections Zone 1, Zone 2, ... Zone n, the tempera- 
ture sensors SI, S2, ... Sn assigned to these are positioned for the respective actual 
temperatures Tactual-Zone 1, Tactual-Zone 2, ... Tactual-Zone n. Moreover, in the 
individual sections Zone 1, Zone 2, ... Zone n, manually operated transmitters Gl, 
G2, ... Gn are either also provided for the respective nominal temperatures Tnominal- 
Zone 1, Tnominal-Zone 2, ... Tnominal-Zone n, or these transmitters Gl, G2, ... Gn 
are provided at a central point. Moreover, the transmitters Gl, G2...Gn can also be 
electronically adjustable signal transmitters. 

The device also includes a regulator device ECU where signals from the transmitters 
Gl, G2, ... Gn and from the temperature sensors SI, S2, ... Sn are stored, and which 
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controls the mixer valve MV and the heating devices HI, H2, Hn. The mixer valve 
MV dependent upon the respective nominal temperatures Tnominal-Zone 1, Tnomi- 
nal-Zone 2, ... Tnominal-Zone n and the respective actual temperatures Tactual- 
Zone-1, Tactual-Zone 2, ... Tactual-Zone n of the individual sections Zone 1, Zone 2, 
... Zone n is controlled in such a way that the pre-tempered mixed air ML is at a tem- 
perature which essentially corresponds to the lowest of the nominal temperatures 
Tnominal-Zone 1, Tnominal-Zone 2, ... Tnominal-Zone n of all sections Zone 1, Zone 
2, ...Zone n. In addition, the temperature of the mixed air ML is recorded by the 
temperature sensor TML and a corresponding signal stored in the regulator unit ECU 
in order to determine the control signal for the mixer valve MV. The heating units 
HI, H2 ... Hn assigned to the other sections Tnominal-Zone 1, Tnominal-Zone 2, ... 
Tnominal-Zone n are controlled corresponding to the differences between the re- 
spective nominal temperatures Tnominal-Zone 1, Tnominal-Zone 2, ... Tnominal-Zone 
n and the respective actual temperatures Tactual-Zone 1, Tactual-Zone 2, ... Tactual- 
Zone n. Here, the heating unit assigned to the section with the lowest nominal tem- 
perature is not activated. With the other sections with the higher nominal tempera- 
tures, the respective temperature difference between the nominal and actual 
temperature is evened out by synchronisation of the electric heating units. In this 
way, the temperature requirements for these sections are also fulfilled. 

The temperature sensors SI, S2, ... Sn for the respective actual temperatures Tac- 
tual-Zone 1, Tactual-Zone 2, ... Tactual-Zone n are positioned in the individual sec- 
tions Zone 1, Zone 2, ... Zone n and/or in the supply lines LI, L2, ... Ln down-current 
from the heating units HI, H2, ... Hn. 

In the regulator unit ECU, characteristics of the respective sections Zone 1, Zone 2, 
... Zone n are stored which are taken into consideration alongside the input-variable 
nominal temperatures Tnominal-Zone 1, Tnominal-Zone 2, ... Tnominal-Zone n and 
the actual temperatures Tactual- Zone 1, Tactual-Zone 2, ... Tactual-Zone n for the 
control of the heating units HI, H2, ... Hn. 

In fig. 1, a device in accordance with the invention is illustrated whereby the trans- 
mitters Gl, G2, ... Gn, the temperature sensors TML, SI, S2, ... Sn and/or the heat- 
ing units HI, H2, ... Hn and the controlled mixer valve MV are connected directly to a 
central regulator unit ECU. On the other hand, fig. 2 shows a hierarchical regulator 
concept, whereby these components are coupled to the regulator unit ECU by means 
of one or several data buses, whereby the regulator unit ECU has at least one central 
section temperature regulator and a decentralised heat regulator for each heating 
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unit HI, H2, ... Hn. The heating units HI, H2, ... Hn and their respective decentral- 
ized heat regulators each have local temperature sensors, SI, S2, ... Sn and are con- 
nected by means of a data bus to a central cabin temperature regulator which also 
receives the signals from the transmitters Gl, G2, ... Gn by means of this or another 
data bus. , I 

In order to optimise the regulator quality, the temperature sensor TML is positioned 
as close as possible in front of the heating units HI, H2, ... Hn (ie. down-current), 
and the temperature sensors SI, S2, ... Sn are positioned in the interior of the re- 
spective sections. It is, however, also possible to dispense with the temperature 
sensor TML and to determine the lowest nominal temperature requirement from the 
temperature sensors SI, S2, ... Sn alone in order to control the mixer valve MV cor- 
respondingly. 

In this way, both sections or cabin zones are supplied with air from the mixing 
chamber by a line. After mixing engine bleed air in the mixer valve, the line sepa- 
rates out into separate input air lines for each cabin zone. In order to heat up the 
flow of air further, the input air is routed through electric heating units. Temperature 
regulation of both cabin zones is realised both by the central cabin temperature regu- 
lator and the decentralized heating regulators. The heating regulators here deter- 
mine an nominal value for the input air temperature of the zone in question from 
the pre-specified nominal value and the value of the cabin zone temperature meas- 
ured and the zone characteristics. These nominal values are communicated to the 
central cabin regulator by means of a data bus. The cabin regulator assesses this 
information and, with the help of the bleed air mixer valve, sets the lowest of the two 
in-put air nominal values which have been received. For the zone with the lowest 
input air nominal value, the temperature requirement is thus fulfilled and the electri- 
cal heating unit is not powered. With the other cabin zones with the higher input air 
nominal values, the difference between the electrical heating units is evened out by 
synchronisation. In this way, the temperature requirements for these zones are ful- 
filled as well. 

The temperature regulation method which forms the basis for the invention is based 
upon the following steps: 

- recording of the actual and nominal temperatures in the individual sections; 

- mixing of the hot engine bleed air with cooler air in order to obtain mixed air of a 
temperature which essentially corresponds to the lowest of the nominal temperatures 
recorded; and - post-tempering of the mixed air distributed to the sections with the 
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higher nominal temperature corresponding to the differences between the respective 
nominal and actual temperatures. In this way, respective section characteristics can 
be taken into consideration for post-tempering. 

5 Basically, the input air can be pre-heated ( for numerous zones by means of a com- 
mon bleed air mixer valve. 



